METHOD OF AND APPARATUS FOR RENDERING IMAGE, 
RECORDING MEDIUM. AND PROGRAM 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

The present Invention relates to a method of and an ap- 
paratus for rendering an Image representing a fluid motion 
such as a stream of water or a flow of smoke, a recording 
medium which stores a program and data for carrying out such 
ia3 an Image rendering process, and a program for carrying out 

Cn such an Image rendering process. 

I PI 

eg Description of the Related Art: 

Recently, various computer graphics (CG) processing 
techniques Including hidden line processing, hidden surface 
l$i removal, smooth shading, texture mapping, etc. have been in 

rapid progress in combination with quickly growing hardware 
technologies . 

According to a general CG processing scheme, a plural- 
ity of three-dimensional shapes (objects) are generated by 

20 three-dimensional modeling of CAD, and a rendering process 

is performed by applying colors and shades to the objects, 
adding optical properties including mirror reflection, dif- 
fuse reflection, refraction, transparency, etc. to the ob- 
jects, adding surface patterns to the objects, and plotting 

25 images depending on surroundings such as window and scenery 

reflections and ambient light. 

For rendering a fluid motion such as a stream of water 
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or a flow of smoke « for example. It has been attempted to 
move a number of objects at random and thereafter map an Im- 
age of water or smoke onto the objects. 

Specifically, for processing ordinary polygons, a 
geometry operation unit performs perspective projection on 
the vertexes of polygons, and a rendering processor stores 
the obtained polygons in a display rendering memory. 

For example, if a fluid motion is to be rendered by 
moving n objects at random and then mapping a texture onto 
the objects, then it is necessary to perform the above proc- 
ess, i.e., the ordinary polygon processing sequence with re- 
spect to an object, n times, and, as a result, it is neces- 
sary to perform (n x the number of polygon vertexes) per- 
spective projection processes, and also to perform (n x the 
number of polygons) rendering processes. 

In order to render a stream of water or a flow of smoke 
realistically, therefore, a number of objects need to be 
prepared, and the period of time required to compute and 
render those objects increases in proportion to the number 
of objects involved. Consequently, those objects are dis- 
played on a display monitor at a reduced speed. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
provide a method of and an apparatus for rendering an image 
by moving a texture simulatively on at least one object 
thereby to greatly reduce the period of time required to 




calculate and render a fluid motion and also to render a 
high-quality Image, a recording medium which stores a pro- 
gram and data for carrying out such an image rendering proc- 
ess, and a program for carrying out such an image rendering 
5 process . 

According to the present invention, a texture is moved 
simulatively on at least one object thereby to render an im- 
age. 

Specifically, one or more semi transparent textures are 

lOQ placed on the surface of at least one semitransparent or 

in transparent object, and the one or more semitransparent tex- 

fg tures are moved simulatively in an arbitrary direction, 

N thereby rendering an image. The semitransparent or trans- 

l'^ parent object may be arranged in one or multiple layers. 

15^i Texture images that are moved simulatively on the sur- 

face of the object are superposed on the object, thereby 

C3 generating or animating an infinite number of random pat- 

C3 *. ' 

terns to express a fluid motion such as a stream of water or 

a flow of smoke. 

20 Alternatively, one or more semitransparent textures may 

be placed on the surface of a plurality of semitransparent 
or transparent polygons which make up the object, and the 
one or more semitransparent textures may be moved simula- 
tively in an arbitrary direction, thereby rendering an im- 

25 age. The semitransparent or transparent polygons may be ar- 

ranged in one or multiple layers. 

Texture images that are moved simulatively on the sur- 
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face of the polygons are superposed on the polygons, thereby 
generating or animating an infinite number of random pat- 
terns to express a fluid motion such as a streeim of water or 
a flow of smoke. 

5 Since an image is rendered by moving a texture simula- 

tively on at least one object, the period of time required 
to calculate and render a fluid motion can greatly be re- 
duced, and a high-quality image can be rendered. 

The above and other objects, features, and advantages 
10C3 of the present invention will become more apparent from the 

en following description when taken in conjunction with the ac- 

company ing drawings in which a preferred embodiment of the 
i2 present invention is shown by way of illustrative example- 

lii BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an entertainment apparatus 
according to an embodiment of the present invention; 

C3 

FIG. 2 is a perspective view showing the manner in 
which the water of a river hits a post and flows in divided 
20 streams on both sides of the post; 

FIG. 3 is a diagram showing the object illustrated in 
FIG. 2 as it is divided into a number of polygons; 
FIGS. 4A and 4B are views of texture images; 
FIG. 5 is a diagram illustrative of the directions in 
25 which texture images stored in a texture rendering area 

move ; 

FIG. 6 is a view showing objects that are arranged in 
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superposed layers; 

FIG. 7A Is a view showing the manner In which water 
pouring from a faucet Is stored In a transparent water tcink; 

FIG. 7B is a view showing the Image Illustrated In FIG. 
7A as It Is separated Into a plurality of objects; 

FIG. 8 Is a functional block diagram of a rendering 
means according to the embodiment of the present invention; 

FIG. 9 Is a diagram showing details of an object infor- 
mation table; 

FIG. 10 is a diagram showing details of a texture in- 
formation table; 

FIG. 11 is a diagram showing details of a polygon in- 
formation table; 

FIG. 12 is a diagram showing details of a movement in- 
formation table; 

FIGS. 13 and 14 are a flowchart of a processing se- 
quence of the rendering means; 

FIG. 15 is a flowchart of a processing sequence of a 
texture rendering means; 

FIG. 16 is a flowchart of a processing sequence of a 
rendering means; 

FIG. 17 is a flowchart of a processing sequence of a 
texture moving means; and 

FIG. 18 is a flowchart of a processing sequence of a 
texture mapping means . 



DESCRIPTION OF THE PREFERRED EMBODIMENT 



An embodiment In which a method of and an apparatus for 
rendering an Image according to the present Invention are 
applied to an entertainment apparatus for performing three- 
dimensional CG processing, emd a recording medium and a pro- 
5 gram according to the present invention are applied to a re- 

cording medium storing a program and data executed by the 
entertainment apparatus and such a program, will be de- 
scribed below with reference to FIGS. 1 through 18. 

As shown in FIG. 1, an entertainment apparatus 10 com- 
10C3 prises a main CPU 12 for controlling the entertainment appa- 

fS ratus 10, a main memory 14 for storing various programs to 

I'A be run and various data, an image processor 18 for generat- 

J=! Ing image data under the control of the main CPU 12 and out- 

puttlng the generated image data to a display monitor 16, 
l#i e.g., a CRT, and an input/output port 20 for sending data to 

^3 and receiving data from external devices . 

in 
*= ^ 

fj The main memory 14, the image processor 18, and the In- 

put/output port 20 are connected to the main CPU 12 via a 
bus 22. To the input/output port 20, there are connected an 

20 input device 24 for Inputting data (key entry data, coordi- 

nate data, etc.) to the entertainment apparatus 10, and an 
optical disk drive 26 for playing back an optical disk such 
as a CD-ROM or the like in which various programs and data 
(object -related data, texture data, etc.) are stored. 

25 The image processor 18 comprises a rendering engine 30, 

a memory Interface 32, an image memory 34, and a display 
controller 36 such as a programmable CRT controller or the 
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like. 

The rendering engine 30 serves to render image and sto 
re image data in the image memory 34 via the memory inter- 
face 32 based on a rendering command supplied from the main 
CPU 12. 

A first bus 38 is connected between the memory inter- 
face 32 and the rendering engine 30, and a second bus 40 is 
connected between the memory interface 32 and the image mem 
ory 34. Each of the first and second buses 38, 40 has a 
128-bit width, for example, for allowing the rendering en- 
gine 30 to render and store image data in the image memory 
34 at a high speed. 

The rendering engine 30 is capable of rendering image 
data of 320 x 240 pixels or image data of 640 x 480 pixels 
according to the NTSC or PAL system on a real-time fashion, 
i.e., more than ten times to several ten times in 1/60 sec- 
onds to 1/30 seconds. 

The image memory 34 is of a unified memory structure 
that is able to designate a texture rendering area 34a and 
display rendering area 34b as the same area (see FIG. 8). 

The image controller 36 writes texture data read from 
the optical disk via the optical disk drive 26 or texture 
data generated in the main memory 14 via the memory inter- 
face 32 into the texture rendering area 34a of the image 
memory 34, and reads image data stored in the display ren- 
dering area 34b of the image memory 34 via the memoiry inter 
face 32 and outputs the read image data to the display monl 



tor 16 to display an Image on Its display screen. 

A characteristic function of the entertainment appara- 
tus 10 will be described below with reference to FIGS- 2 
through 18. 

According to the characteristic function, an image is 
rendered by moving a texture simulatively on at least one 
object - 

Specifically, as shown in FIG. 2, it is assumed that 
the water of a river 200 hits a post 202 standing in the 
river 200 and flows in divided streams on both sides of the 
post 202. 

As shown in FIG. 3, an object 204 representing the 
river 200 except for the post 202 is constructed of a number 
of semitransparent or transparent polygons 206, and a semi- 
transparent texture image 208 (see FIG. 4A, for example) is 
mapped onto each of the polygons 206. The semitransparent 
texture image 208 may be an image expressing diffused re- 
flections of light from waves, such as images containing 
randomly scattered semitransparent spots, as shown in FIGS. 
4A and 4B. 

The texture image 208 to be used is stored in the tex- 
ture rendering area 34a of the image memory 34. Thereafter, 
required polygons 206 eire stored in the display rendering 
area 34b of the image memory 34 and the texture image 208 is 
mapped onto each of the polygons 206, after which the poly- 
gons 206 with the mapped texture image 208 are displayed. 

Then, the texture image 208 in the texture rendering 



area 34a is moved a predetermined interval in an arbitrary 
direction and restored in the texture rendering area 34a, 
and the restored texture image 208 is mapped onto each of 
the polygons 206, after which the polygons 206 with the 
mapped texture image 208 are displayed. 

For example, an arbitrary texture image 208 is stored 
in the texture rendering area 34a in a pattern corresponding 
to the shape of the object 204 that is made up of the poly- 
gons 206 . 

Specifically, texture images 208 covering five polygons 
206 in a horizontal succession indicated by ® in FIG. 3 are 
stored in an area ® in the texture rendering area 34a as 
shown in FIG. 5, and texture images 208 covering five poly- 
gons 206 in a horizontal succession indicated by (D in FIG. 
3 are stored in an area © in the texture rendering area 34a 
as shown in FIG. 5. 

Then, a texture image 208 corresponding to one polygon 
206 indicated by ® in FIG. 3 is stored in an area (D in the 
texture rendering area 34a as shown in FIG. 5, and texture 
images 208 covering three polygons 206 in a horizontal suc- 
cession indicated by ® in FIG. 3 are stored in an area ® 
in the texture rendering area 34a as shown in FIG. 5. Simi- 
larly, texture images 208 covering remaining polygons indi- 
cated by ® - ® in FIG. 3 are stored in corresponding areas 
in the texture rendering area 34a as shown in FIG. 5. 

Then, a texture image 208 indicated by (1) in FIG. 5 is 
mapped onto a polygon 206 indicated by (1) in FIG. 3. Like- 



wise, other texture Images 208 stored In the texture render- 
ing axea 34a are mapped onto corresponding polygons 206. 
When all the stored texture images 208 are mapped onto the 
corresponding polygons 206, an initial image is displayed. 
5 Thereafter, as shown in FIG. 5, each of the texture im- 

ages 208 is moved a predetermined interval in the direction 
indicated by the arrow, and restored in the texture render- 
ing area 34a. Some texture images 208, e.g., those indicat- 
ed by ®, ® in FIG. 5, are cycled to express an image in a 

10C3 circulating fashion. Specifically, when a succession of 

fpi texture images 208 are moved a given interval, a texture im- 

age 208 is pushed out of the end of the succession, i.e., 
l4 erased from the end of the texture rendering area 34a, and 

put back to the beginning of the succession, i.e., restored 

IS^i in the beginning of the texture rendering area 34a. 

s J 

J3 Each of the texture images 208 indicated by (6), (12), 

C3 (16), (19) in FIG. 5 is moved in the two directions indicat- 

es 

ed by the arrows, and restored in the texture rendering area 
34a. 

20 In this manner, as shown in FIG. 2, it is possible to 

display a realistic image of the flowing water of the river 
200, showing the water of the river 200 flowing in one di- 
rection and changing its direction around the post 202. 

In the above example, the characteristic function of 

25 the present invention is applied to a single object 204. 

However, the characteristic function of the present inven- 
tion is also applicable to a number of objects arranged in 
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superposed layers . 

For example, as shown in FIG. 6, two objects. I.e., 
first and second objects, 204a, 204b are prepared for the 
river 200 with the post 202 standing therein. Each of the 
first and second objects 204a, 204b is made up of a number 
of polygons 206. A first texture image 208a is mapped onto 
each of the polygons 206 of the first object 204a, and a 
second texture image 208b is mapped onto each of the poly- 
gons 206 of the second object 204b. 

When the first and second objects 204a, 204b are ar- 
ranged in superposed layers, the first texture image 208a 
and the second texture image 208b are superposed, producing 
various patterns, as shown in an encircled area A in FIG. 6. 

The first and second texture images 208a, 208b are 
moved on the first and second objects 204a, 204b with time 
in an arbitrary direction and restored in the texture ren- 
dering area 34a. Therefore, an infinite number of random 
patterns are generated or animated on the first and second 
objects 204a, 204b superposed in layers, making it possible 
to express a fluid motion such as a stream of water or a 
flow of smoke in a realistic manner. 

As shown in FIG. 7A, one example of a number of objects 
Eirranged in superposed layers is a scene in which water 
pouring from a faucet 210 is stored in a transparent water 
tank 212. In this example, as shown in FIG. 7B, an object 
214 represents the manner in which water flows out from the 
faucet 210, two objects 216, 218 represent the manner in 
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which water from the faucet 210 spreads out on the water 
surface In the water tank 212, and two objects 220, 222 rep- 
resent the manner in which water is stored in the water tank 
212. These objects 214, 216, 218, 220, 222 are arranged in 
5 superposed layers. 

Each of the objects 214, 216, 218, 220, 222 is con- 
structed of a number of polygons. Individual texture images 
208 stored in the texture rendering area 34a are mapped onto 
the respective polygons, and moved on the objects 214, 216, 
IOCj 218, 220, 222 with time in an arbitrary direction and re- 

stored in the texture rendering area 34a. As a result, it 
is possible to display a realistic image of water pouring 
J= from the faucet 210 and stored in the transparent water tank 

T' 212. 

lii An example of software, i.e., a rendering means 300 

(see FIG. 8), to perform the above function will be de- 
^= scribed below with reference to FIGS. 8 through 18. 

The rendering means 300 is supplied to the entertain- 
ment apparatus 10 from a randomly accessible recording medi- 
20 um such as a CD-ROM or a memory card or via a network. It 

is assvmied here that the rendering means 300 is read into 
the entertainment apparatus 10 from an optical disk 42 such 
as a CD-ROM. 

The rendering means 300 is downloaded in advance from 
25 the optical disk 42 played back by the entertainment appara- 

tus 10 into the main memory 14 of the entertainment appara- 
tus 10 according to a predetermined process, and executed by 
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the main CPU 12. 

As shown ±n FIG. 8, the rendering means 300 comprises a 
table reading means 302 for reading various tables including 
an object information table 322, a plurality of texture in- 
formation tables 304, a plurality of polygon information ta- 
bles 308, and a plurality of movement information tables 312 
which are recorded in the optical disk 42, a texture render- 
ing means 306 for rendering and storing necessary texture 
Images 208 in the texture rendering area 34a of the image 
memory 34 based on the content of one of the texture infor- 
mation tables 304, em image rendering means 310 for render- 
ing and storing polygons 206 in the display rendering area 
34b of the image memory 34 based on the texture images 208 
stored in the texture rendering area 34a and the content of 
one of the polygon information tables 308, and mapping ne- 
cessary texture images 208 onto the polygons 206, a texture 
moving means 314 for moving the texture images 208 stored in 
the texture rendering area 34a based on the content of one 
of the movement information tables 312 and restoring the 
moved texture images 208 in the texture rendering area 34a, 
a texture mapping means 316 for mapping moved texture images 
208 onto the polygons 206 stored in the display rendering 
area 34b, an end determining means 318 for determining 
whether the processing sequence of the rendering means 300 
is completed or not, and a display processing means 320 for 
outputting image data stored in the display rendering area 
34b to the display monitor 16 and displaying an image on the 
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display monitor 16 based on the image data. 

The various tables used by the rendering means will be 
described below with reference to FIGS. 9 through 12. 

As shown In FIG. 9, the object Information table 322 
stores a plurality of records which correspond to respective 
objects, each containing the number of polygons 206 making 
up an object 204, the address of a corresponding texture in- 
formation table 304, the address of a corresponding polygon 
information table 308, and the address of a corresponding 
movement information table 312. 

As shown in FIG. 10, the texture information table 304 
stores a plurality of records which correspond to respective 
textures, each containing corresponding record indication 
information in a corresponding texture table, which stores 
leading addresses of stored texture image data in respective 
records, data length of a texture image to be used, and a 
rendering range (coordinates) for storing the texture image 
in the texture rendering area 34a. 

As shown in FIG. 11, the polygon information table 308 
stores a plurality of records which correspond to respective 
polygons, each containing the vertex coordinates of a poly- 
gon 206, and the rendering range (coordinates) for storing 
the texture image 208 to be used in the texture rendering 
area 34a. 

As shown in FIG. 12, the movement information table 312 
stores a plurality of records which correspond to respective 
texture images 208 to be moved, each containing a range (co- 
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ordinates) for storing a texture Image 208 to be moved In 
the texture rendering area 34a, direction Information as to 
the direction (up, down, left, or right) In which to move 
the texture image 208, and circulation information as to 
5 whether the texture image 208 is to be circulated or not. 

The processing sequence of the rendering means 300 will 
be described below with reference to FIGS. 13 through 18. 

In step Si shown in FIG. 13, the rendering means 300 
stores an initial value "0" into an index register 1 used to 
l(f3 retrieve objects 204, thereby initializing the index regis- 

tn ter 1. 

in 

iQ In step S2, the table reading means 302 reads an 1th 

^3 record from the object Information table 322. 

In step S3, the end determining means 318 decides 
l$i whether the content of the read 1th record is an EOF (End- 

J= Of -File) code indicative of the end of the object informa- 

^3 tlon table 322 or not. 

If the content of the read ith record is not an EOF 
code, then control goes to step S4 in which the table read- 
20 ing means 302 reads the address of the corresponding texture 

information table 304 and the address of the corresponding 
polygon information table 308 from the ith record in the ob- 
ject information table 322, and reads the corresponding tex- 
ture information table 304 and the corresponding polygon in- 
25 formation table 308. 

In step S5, the texture rendering means 306 performs 
its own processing sequence, which is illustrated in FIG. 
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15. In step SlOl shown in FIG. 15, the texture rendering 
means 306 stores an Initial value "0" Into an Index register 
j used to retrieve texture Images 208, thereby initializing 
the index register j . 
5 In step S102, the texture rendering means 306 reads a 

jth record from the corresponding texture information table 
304. 

In step S103, the texture rendering means 306 decides 
whether the content of the read jth record is an EOF code 
1CJ3 indicative of the end of the texture Information table 304 

iri or not- 

Cg If the content of the read jth record is not an EOF 

^3 code, then control goes to step S104 in which the texture 

l~ rendering means 306 reads texture image data based on the 

XSi record indication information in the texture table and the 

li data length of a texture image 208 stored in the jth record, 

and stores the texture image data in the portion of the tex- 
ture rendering area 34a which corresponds to the rendering 
range that is stored in the jth record, 
20 In step S105, the texture rendering means 306 incre- 

ments the value of the index register j by "1". Then, con- 
trol goes back to step S102 to repeat the above process 
based on the content of a next record in the texture infor- 
mation table 304. 
25 If the content of the read jth record is an EOF code 

indicative of the end of the texture information table 304, 
then the processing sequence of the texture rendering means 
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306 Is ended. 

Control returns to the main routine shovm in FIG, 13. 
In step S6, the Image rendering means 310 performs Its own 
processing sequence, which is illustrated in FIG. 16. In 
step S201 shown in FIG. 16, the image rendering means 310 
stores an initial value "0" into an index register k used to 
retrieve polygons 206, thereby initializing the index regis- 
ter k. 

In step S202, the image rendering means 310 reads a kth 
record from the corresponding polygon information table 308 . 

In step S203, the image rendering means 310 stores a 
kth polygon 206 into the portion of the display rendering 
area 34b which corresponds to the rendering range derived 
from the vertex coordinates . 

In step S204, the image rendering means 310 reads a 
texture image 208 from the rendering range for the texture 
image 208 to be used, among the texture images 208 stored in 
the texture rendering area 34a, and maps the read texture 
image 208 onto the kth polygon 206. 

In step S205, the image rendering means 310 increments 
the value of the index register k by "1". Thereafter, in 
step S206, the image rendering means 310 decides whether all 
the polygons 206 have been processed or not, based on wheth- 
er or not the value of the index register k is equal to or 
greater than the number M of polygons. 

If not all the polygons 206 have been processed, then 
control returns to step S202 for rendering a next polygon 
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206 and mapping a necessary texture Image 208 onto the next 
polygon 206. 

If all the polygons 206 have been processed in step 
S206, then the processing sequence of the image rendering 
means 310 comes to an end. 

Control returns to the main routine shown in FIG. 13. 
In step S7, the rendering means 300 increments the value of 
the index register i by "1". Then, control goes back to 
step S2 for repeating the above process with respect to a 
next object 204. 

If the content of the read ith record is an EOF code 
indicating the end of the object information table 322 in 
step S3, then control jumps to step S8 in which the display 
processing means 320 outputs the image data stored in the 
display rendering area 34b to the display monitor 16, which 
displays an image based on the supplied image data. 

In step S9 shown in FIG. 14, the rendering means 300 
stores an initial value °0" into the index register i used 
to retrieve objects 204, thereby initializing the index reg- 
ister i. 

in step SIO, the table reading means 302 reads an ith 
record from the object information table 322. 

In step Sll, the end determining means 318 decides 
whether the content of the read ith record is an EOF code 
indicative of the end of the object information table 322 or 
not . 

If the content of the read ith record is not an EOF 
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code, then control goes to step SI 2 In which the table read- 
ing means 302 reads the address of the corresponding polygon 
information table 308 and the address of the corresponding 
movement information table 312 from the ith record in the 
object information table 322, and reads the corresponding 
polygon information table 308 and the corresponding movement 
information table 312. 

In step S13, the texture moving means 314 performs its 
own processing sequence, which is illustrated in FIG 17. In 
step S301 shown in FIG. 17, the texture moving means 314 
stores an initial value "0" into an index register m used to 
retrieve movement information, thereby initializing the in- 
dex register m. 

In step S302, the texture moving means 314 reads an mth 
record from the movement information table 312. 

In step S303, the texture moving means 314 decides 
whether the content of the read mth record is an EOF code 
indicative of the end of the movement information table 312 
or not . 

If the content of the read mth record is not an EOF 
code, then control goes to step S304 in which the texture 
moving means 314 moves a texture image 208 to be moved which 
corresponds to the rendering range for the texture image 208 
stored in the mth record, among the texture images 208 
stored in the texture rendering area 34a, by a predetermined 
interval in the direction information stored in the mth rec- 
ord, and restores the moved texture image 208 in the texture 
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rendering area 34a. 

In step S305, the texture moving means 314 decides 
whether the texture Image 208 needs to be circulated or not. 
based on the circulation information stored In the mth rec- 
ord . 

If the texture Image 208 needs to be circulated, then 
control goes to step S306 In which the texture moving means 
314 restores any texture Image 208 pushed out or erased from 
the end of the texture rendering area 34a due to the move- 
ment carried out In step S304, back In the beginning of the 
texture rendering area 34a. 

After the processing in step S306 or if the texture im- 
age 208 does not need to be circulated in step S305, then 
control goes to step S307 in which the texture moving means 
314 Increments the value of the index register m by *1". 
Thereafter, control goes back to step S302 for moving and 
restoring the corresponding texture image 208 based on next 
movement information . 

If the content of the read mth record Is an EOF code 
indicative of the end of the movement Information table 312 
in step S303, then the processing sequence of the texture 
moving means 314 is ended. 

Control returns to the main routine shown in FIG. 14. 
In step S14, the texture mapping means 316 performs its own 
processing sequence, which is illustrated in FIG. 18. 

In step S401 shown in FIG. 18, the texture mapping 
means 316 stores an initial value "0" into the index regis - 
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ter k used to retrieve polygons 206, thereby initializing 
the index register k. 

In step S402, the texture mapping means 316 reads a kth 
record from the corresponding polygon information table 308. 

In step S403, the texture mapping means 316 reads a 
texture image 208 from the rendering range for the texture 
image 208 to be used, among the texture images 208 stored in 
the texture rendering area 34a, and maps the read texture 
image 208 onto the kth polygon 206. 

In step S404, the texture mapping means 316 increments 
the value of the index register k by "1". Thereafter, in 
step S405, the texture mapping means 316 decides whether all 
the polygons 206 have been processed or not, based on wheth- 
er or not the value of the index register k is equal to or 
greater than the number M of polygons. 

If not all the polygons 206 have been processed, then 
control returns to step S402 for rendering a next polygon 
206 and mapping a necessary texture image 208 onto the next 
polygon 206. 

If all the polygons 206 have been processed in step 
S405, then the processing sequence of the texture mapping 
means 316 comes to an end. 

Control returns to the main routine shown in FIG. 14. 
In step S15, the rendering means 300 increments the value of 
the index register 1 by "1". Then, control goes back to 
step SIO for repeating the above process, i.e., the process 
of moving the texture image 208 and mapping the texture im- 
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age 208 onto the polygon 206, with respect to a next object 
204. 

If the content of the read ith record is an EOF code 
indicating the end of the object information table 322 in 
step Sll, then control jumps to step S16 in which the dis- 
play processing means 320 outputs the image data stored in 
the display rendering area 34b to the display monitor 16 , 
which displays an image based on the supplied image data. 

In step S17, the end determining means 318 decides 
whether there is a program end request to finish the proc- 
essing sequence of the rendering means 300 or not. If there 
is no program end request, then control goes back to step S9 
for performing the above process, i.e., the process of mov- 
ing the texture image 208 and mapping the texture image 208 
onto the polygon 206, from the first object 204. 

If there is a program end request in step S17, then the 
processing sequence of the rendering means 300 is finished. 

As described above, the rendering means 300 according 
to the present invention renders an image by moving a tex- 
ture image 208 simulatively on at least one object 204. 
Specifically, one or more semitranspeorent texture images 208 
are placed on the surface of one or more semi transparent or 
transparent objects 204, cind moved simulatively in an arbi- 
trary direction, thereby rendering an image. 

The texture images 208 that are moved simulatively on 
the surface of the objects 204 are superposed on the objects 
204, thereby generating or animating an infinite number of 
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random patterns to express a fluid motion such as a stream 
of water or a flow of smoke. 

Since the rendering means 300 renders an Image by mov- 
ing a texture Image 208 simulatively on at least one object 
5 204, the period of time required to calculate and render a 

fluid motion can greatly be reduced, and a high-quality im- 
age can be rendered. 

Although a certain preferred embodiment of the present 
Invention has been shown and described In detail. It should 
lIP be understood that various changes and modifications may be 

Cil made therein without departing from the scope of the append- 

Co ed claims . 
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